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DESCRIPTION 

S witching Power Su pply 

5 Technical Field 

This invention relates to a switching power supply provided with a control means 
which improves the response speed against a sharp change of the load.- 

Background Art 

10 Existing switching power supplies are shown in Fig. 60 to Fig. 62. The switching 

power supply shown in Fig. 60 is provided with a voltage hysteresis control means. 
More particularly, the output of the power supply circuit is connected to the negative 
input of comparator 42 to amplify the error between detected voltage and reference 
voltage Vref. The output of comparator 42 is connected to the input of driver 47, the 

15 output of which is connected to the gate of control switch SI and the gate of 
synchronous switch S2 (for example, refer to Fig. 3 in Section 7 of U. S. Patent 
Publication No. 6147478). 

A switching power supply shown in Fig. 61 is provided with a voltage mode PWM 
control means. More particularly, the output of said power supply circuit is connected 

20 to the negative input of error amplifier 41 to amplify the error between detected voltage 
and reference voltage Vref. The output of error amplifier 41 is connected to the positive 
input of comparator 42, the negative input of which is connected to oscillator 48, to 
send the triangular waveform signal from oscillator 48 to comparator 42. The output 
of comparator 42 is connected to the input of latch 45, the input of which is connected 

25 to oscillator 48, to send the rectangular waveform signal. Moreover, the output of latch 
45 is connected to the input of driver 47, the output of which is connected to the gate of 
control switch SI and the gate of synchronous switch S2 (for example, refer to Fig. 1 in 
Section 7 of U. S. Patent Publication No. 6147478). 

A switching power supply shown in Fig. 62 is provided with a current mode PWM 

30 control means. More particularly, the negative input of error amplifier 41 is connected 
to the output of said switching power supply circuit to amplify the error between 
detected voltage and reference voltage Vref. The output of error amplifier 41 is 




connected to the negative input of comparator 42. The output inductor LI is 
connected to current detection circuit 44, which is, in turn, connected to the positive 
input of comparator 42. The reset terminal of flip-flop circuit 46 is connected to 
comparator 42, and oscillator 48 is connected to the set terminal of flip-flop circuit 46, 
5 to send the clock signal from oscillator 48 to flip-flop circuit 46. The output of flip-flop 
circuit 46 is connected to the input of driver 47, the output of which is connected to the 
gate of control switch SI and the gate of synchronous switch S2 (for example, refer to 
Fig. 2 in Sections 5 and 6 of U.S. Patent publication No. 4943902). 

A switching power supply provided with a voltage hysteresis control means uses 

10 output voltage directly to increase the inductor current by turing the switch on when 
output voltage drops below a specific level and reduce the inductor current by turning 
the switch off when output voltage becomes higher than the specific level. As output 
voltage is controlled by repetition of said operation, this mode provides a quick 
response speed. But, due to its poor operational stability, the switching power supply 

15 reacts very sensitively against the condition of the output capacitor and the load, 
limiting its application of usage. 

Next, a switching power supply circuit provided with a voltage mode PWM control 
means determines the duty ratio from the fixed frequency triangular waveform signal 
and the amplified error signal. In this mode, operational stability is affected when the 

20 frequency difference between the fixed frequency triangular waveform signal and 
amplified error signal becomes close to zero. To solve the problem, the frequency 
band of the amplified error signal was reduced down to about 1/10 in respect to the 
fixed frequency triangular waveform signal. 
The current mode PWM control means provides an amplified phase allowance for 

25 the amplified error signal by using the inductor current signal instead of the fixed 
frequency triangular waveform signal, but there remains the problem that it can not 
increase the frequency band of the amplified error signal significantly. 

Fig. 63 shows an operational waveform diagram with a sharp increase of the load 
current in a switching power supply using the current mode PWM control means. Fig. 

30 64 shows an operational waveform diagram with a sharp decrease of the load current 
in said switching power supply. Particularly, the upper part shows the output voltage 
waveform, the middle part shows the inductor current waveform, and the lower part 
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shows the output and triangular waveform of error amplifier 41 . As shown in these 
figures, a sharp increase of the load current reduces output voltage and, in turn, 
increases inductor current, while a sharp decrease of the load current increases the 
output voltage considerably and, in turn, decreases the inductor current. However, 
5 as more than few cycles are required to stabilize the output voltage, there was the 
problem that the response speed of the system delays to obtain stable power supply 
operation. 

The present invention, which is made considering the aforesaid problems, 
provides a switching power supply which ensures the stability with no need of lowering 
10 the frequency band of the amplified error signal. 

Also, the invention provides a new switching power supply which materializes 
stable output ripple characteristics. 

Furthermore, the invention provides a new switching power supply which 
materializes stable oscillation frequency and output ripple characteristics. 

15 

Disclosure of Invention 
In order to achieve the aforesaid objects, according to one of the embodiments 
relating to the invention, a switching power supply provided with a control switch, a 
synchronous switch and a series connection of an output inductor and a smoothing 

20 capacitor, wherein the input of an error amplifier is connected to the output of a power 
supply circuit to amplify the error between detected voltage and reference voltage, the 
output of said amplifier is connected an input of a first comparator and an input of a 
second comparator through split resistors, a filter circuit comprising resistors and a 
capacitor is connected in parallel to said synchronous switch, and the output of said 

25 filter circuit is connected to another input of said first comparator and another input of 
said second comparator, wherein a control means is configured to control the 
amplitude of the triangular waveform obtained through said filter circuit to be between 
an input level of said first comparator and an input level of said second comparator. 
In accordance with the switching power supply of said configuration, a control 

30 means is provided to control the amplitude of triangular waveform signal obtained 
through said filter circuit to be between the input of said first comparator and the input 
of said second comparator, whereby the triangular waveform signal is generated by 
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on/off operation of an output switch connected short of the filter circuit connprising a 
resistor and a capacitor. This is effective in respect that the phase difference 
between operating status of said output switch and annplified error signal can be fixed 
to ensure stable operation of the switching power circuit without necessity of lowering 
5 the frequency band of the error emplification signal. 

Also, the current detection circuit is connected to the control switch and the filter 
circuit, whereby normal current and other current through the current detection circuit 
flow through the filter circuit. This is effective In respect that output impedance can be 
adjusted. 

10 It is preferable that in said switching power supply, the said control means is 

configured by connecting the output of said error amplifier to an input of said second 
comparator through a voltage divider circuit which freely adjusts the division ratio, to 
control the amplitude of triangular waveform signal obtained through said filter circuit 
to be between an input level of said first comparator and an Input level of said second 

15 comparator. 

It is preferable that in said switching power supply, three or more resistors are 
connected in series to form a voltage divider variable part and a voltage divider fixed 
part, one end of said voltage divider variable part is connected between the output of 
said error amplifier and the input of said first comparator, the other end of said voltage 

20 divider variable part is connected to another input of said second comparator, and a 
switch is connected in parallel with at least one resistor provided at said voltage divider 
variable part, wherein the discontinuity of inductor current is detected to change the 
voltage division ratio freely. 

In accordance with the invention, a circuit Integrated into said switching power 

25 supply to automatically change the amplitude of triangular waveform by detecting the 
discountinulty of inductor current Is effective in materializing stable output ripple 
characteristics. 

It is preferable that in said switching power supply, said control means is provided 
with a current source which varies in proportion with I/O potential, said current source 
30 being connected between the middle point and the ground potential of said split 
resistor to generate output of a second signal, whereby the amplitude of said triangular 
waveform is controlled to be between said first signal and said second signal. 
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It is preferable that two or more said split resistors are connected in series, and a 
current source which varies in proportion to output voltage error is connected between 
the resistor cutoff point and the ground potential, to have the voltage division ratio 
change freely. 

5 In accordance with the invention, a circuit integrated into said switching power 

supply to automatically change the amplitude of triangular waveform in proportion to 
the I/O potential is effective in materializing stable efficiency and output ripple 
characteristics. 

It is preferable that said switching power supply, the amplified error signal obtained 
10 by amplifying the error between output voltage of the power supply circuit and 
reference voltage is compared with the triangular waveform obtained through said filter 
circuit and then a first comparison signal is sent to said control switch, said amplified 
error signal Is divided and then compared with said second triangular waveform for 
generation of a second comparison signal, said second comparison signal is 
15 compared with the clock signal to generate said second comparison signal where 
there is a sharp change of the load, to change the output signal for said control switch 
from said clock signal to said second comparison signal to control said amplitude of 
the triangular waveform to be between said aamplified error signal and said voltage 
division signal.wherein the timing of said control switch is fixed to ON by said clock 
20 signal. 

It is preferable that said switching power supply, the timing of said control switch is 
fixed to ON by said clock signal even when there is a sharp increase of the load. 

It is preferable that said switching power supply, said first comparison signal can 
be generated by comparing the amplified error signal obtained by amplifying the error 

25 between of output voltage of the power supply circuit and reference voltage with the 
triangular waveform obtained through said filter circuit, said first comparison signal is 
compared with the clock signal and then sent to said control switch, said amplified 
error signal is divided and then compared with said triangular wavefomn to gnerate 
said second comparison signal, wherein when there is a sharp change of the load, 

30 output signal for said control switch is changed from said clock signal to said first 
comparison signal to control the amplitude of said triangular waveform to be between 
said amplified error signal and said voltage division signal when there is a sharp 
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change of the load, and the timing of said control switch is fied to OFF by said clock 
signal in the steady state. 

It is preferable that said switching power supply, the timing of said control switch is 
fixed to OFF by said clock signal even when there is a sharp decrease of the load. 
5 In accordance with the invention, the amplitude of triangular waveform obtained 

through the filter circuit is controlled to be between amplitudes of the amplified error 
signal obtained by amplifying the error between output voltage and reference voltage 
during a sharp change in the load and the voltage divider signal obtained by dividing 
the amplified error signal, and on or off timing of the control switch is fixed by the clock 

10 signal in the steady state, whereby the oscillation frequency is locked, and a signal 
with its phase displaced for multiphasing can be generated easily. 

Also, in accordance with the invention, even without using the voltage divider 
signal, the oscillation frequency is locked and a signal with its phase displaced for 
multiphasing can be generated easily similarly with the case where voltage divider 

15 signal is used. = 

Brief Description of Drawings 
Fig. 1 shows a circuit diagram of the switching power supply relating to the first 
embodiment of the invention. 
20 Fig. 2 shows an operational waveform diagram of the embodiment shown in Fig. 1 . 
Fig. 3 shows the same operational waveform diagram. 

Fig. 4 shows a circuit diagram of the first transformation of the first embodiment. 
Fig. 5 shows a circuit diagram of the second transformation of the first embodiment. 
Fig. 6 shows a circuit diagram of the third transformation of the first embodiment. 

25 Fig. 7 shows a circuit diagram of the fourth transformation of the first embodiment. 
Fig. 8 shows a circuit diagram of the fifth transformation of the first embodiment- 
Fig. 9 shows a circuit diagram of the sixth transformation of the first embodiment. 
Fig. 10 shows a circuit diagram of the seventh transformation of the first embodiment. 
Fig. 11 shows a circuit diagram of the eighth transformation of the first embodiment. 

30 Fig. 1 2 shows a circuit diagram of the ninth transformation of the first embodiment. 
Fig. 1 3 shows a circuit diagram of the tenth transfomnation of the first embodiment. 
Fig. 14 shows a circuit diagram of the eleventh transfomnation of the first embodiment. 
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Fig, 15 shows a circuit diagram of tfie switching power supply relating to the second 
embodiment of the invention. 

Fig. 16 shows an operational waveform diagram relating to of the embodiment shown 
in Fig. 15. 

5 Fig. 1 7 shows a circuit diagram of the first transformation of the second embodiment. 
Fig. 18 shows a circuit diagram of the second transformation of the second 
embodiment. 

Fig. 19 shows a circuit diagram of the third transformation of the second embodiment. 
Fig. 20 shows a circuit diagram of the fourth transformation of the second 
10 embodiment. 

Fig, 21 shows a circuit diagram of the fifth transformation of the second embodiment. 
Fig, 22 shows a circuit diagram of the sixth transformation of the second embodiment. 
Fig, 23 shows a circuit diagram of the seventh transformation of the second 
embodiment, 

15 Fig, 24 shows a circuit diagram of the eighth transformation of the second 
embodiment. 

Fig, 25 shows a similar circuit diagram as the one of the eighth transformation of the 
second embodiment. 

Fig. 26 shows a similar circuit diagram as the one of the eighth transformation of the 
20 second embodiment. 

Fig. 27 shows a similar circuit diagram as the one of the eighth transformation of the 
second embodiment. 

Fig. 28 shows a circuit diagram of the switching power supply relating to the third 
embodiment of the invention. 

25 Fig. 29 shows an operational waveform diagram of the embodiment shown in Fig, 28 
with high I/O potential difference. Fig, 30 shows an operational waveform diagram of 
the embodiment shown in Figure 28 with low I/O potential difference. 
Fig, 31 shows a circuit diagram of the first transformation of the third embodiment. 
Fig. 32 shows a circuit diagram of the second transformation of the third embodiment. 

30 Fig. 33 shows a circuit diagram of the third transformation of the third embodiment. 
Fig, 34 shows a circuit diagram of the fourth transfomiation of the third embodiment. 
Fig, 35 shows a circuit diagram of the fifth transformation of the third embodiment. 
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Fig. 36 shows a circuit diagram of the sixth transformation of the third embodiment. 
Fig. 37 shows a circuit diagram of the seventh transformation of the third embodiment. 
Fig. 38 shows a circuit diagram of the eighth transformation of the third embodiment. 
Fig. 39 shows a similar circuit diagram as the one of the eighth transformation of the 
5 third embodiment. 

Fig. 40 shows a similar circuit diagram as the one of the eighth transformation of the 
third embodiment. 

Fig. 41 shows a similar circuit diagram as the one of the eighth transformation of the 
third embodiment. 

10 Fig. 42 shows a circuit diagram of the switching power supply relating to the fourth 
embodiment of the invention. 

Fig. 43 shows an operational waveform diagram of the embodiment shown in Fig. 42. 
Fig. 44 shows a circuit diagram of the first transformation of the second embodiment. 
Fig. 45 shows a circuit diagram of the second transformation of the second 
15 embodiment. 

Fig. 46 shows a circuit diagram of the third transformation of the second embodiment. 
Fig. 47 shows a circuit diagram of the fourth transformation of a multi-phased version 
of the fourth embodiment shown in Fig. 42. 

Fig. 48 shows an operational waveform diagram of the fourth transformation shown in 
20 Fig. 47. 

Fig. 49 shows a circuit diagram of the fifth transformation of the third embodiment. 

Fig. 50 shows a circuit diagram of the sixth transformation of the third embodiment. 

Fig. 51 shows a circuit diagram of the seventh transformation of the third embodiment. 

Fig. 52 shows a circuit diagram of the eighth transformation of the third embodiment. 
25 Fig. 53 shows a circuit diagram of the ninth transformation of the third embodiment. 

Fig. 54 shows a circuit diagram of the tenth transformation of the third embodiment. 

Fig. 55 shows a circuit diagram of the eleventh transformation of the third embodiment. 

Fig. 56 shows a circuit diagram of the twelveth transformation of the third embodiment. 

Fig. 57 shows a circuit diagram of the thirteenth transformation of the third 
30 embodiment. 

Fig. 58 shows a circuit diagram of the fourteenth transformation of the third 
embodiment. 
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Fig. 59 shows a circuit diagram of the fifteenth transformation of the third embodiment. 
Fig. 60 shows a circuit diagram of a switching power supply of prior art. 
Fig. 61 shows a circuit diagram of another switching power supply of prior art different 
from the one shown in Fig. 60. 
5 Fig. 62 also shows a circuit diagram of another switching power supply of prior art. 
Fig. 63 shows an operational waveform diagram of the prior art shown in Fig. 62. 
Fig. 64 also shows an operational waveform diagram of the prior art. 

Best Embodiments of the Invention 

10 A switching power supply relating to the first embodiment of the invention is 
describeed below referring to the figures attached hereto. Fig. 1 shows a switching 
power supply relating to the said embodiment. C represents the capacitor, S the 
switching element, R the resistor, Z the impedance, 11 the error amplifier, 12 and 13 
the comparators, 16 the flip flop circuit, 17 the driver, and 21 the filter circuit. 

15 The switching power supply relating to this embodiment is provided with control 
switch SI , synchronous switch S2, output inductor LI , smoothing capacitor Co^t, and a 
power supply circuit in which output inductor LI and smoothing capacitor Co^t are 
connected in series. A control circuit is connected to the output of said power supply 
circuit, and its output is connected to control switch S1 and synchronous switch S2. 

20 Voltage detection resistor and R2 are provided at the output of said power 

supply circuit, and a connection between resistors R^ and R2 are connected to the 
negative input of error amplifier 11 .to amplify the error between detected voltage and 
reference voltage. The output of error amplifier 11 is connected to the negative input of 
first comparator 12 and to the positive input of second comparator 13 through split 

25 resistors Rgand R4. 

Filter circuit 21 comprising a series connection of resistor Rgawi and capacitors 
Csawi and C^y^ is connected in parallel to a series circuit comprising output inductor LI 
and smoothing capacitor Cout.The output of filter circuit 21 is connected to the positive 
input of first comparator 12 and to the negative input of second comparator 13. 

30 The output of first comparator 1 2 is connected to input on the reset side of flip flop 
circuit 16, and output of second comparator 13 is connected to the input on the set 
side of flip flop circuit 16, the output of which is connected to the input of driver 17, the 
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output of which is connected to control switch SI and synchronous switch S2. In this 
configuration, the amplitude of the triangular waveform obtained through filter circuit 
21 is controlled to be between an input level of first comparator 12 and an input level of 
second comparator 13. 
5 The switching power supply of the said configuration operates as follows. First, 

Operation of the switching power supply with a sharp increase of the load current is 
described below. This operational waveform diagram is shown in Fig. 2. In Fig. 2, the 
upper part indicates the output voltage waveform, the middle part indicates the 
inductor current waveform, and the lower part indicates the output of error amplifier 11 , 
10 and the output of error amplifier divided by resistors. In this configuration, the 
amplitude of the triangular waveform is controlled to be between the two signals 
generated through filter circuit 21 . When there is a sharp increase of the load current, 
. output voltage drops instantaneously and inductor current increases sharply as shown 
in Fig. 2. 

15 Then, the triangular waveform obtained through filter circuit 21 connected in 
parallel to a series circuit comprising smoothing capacitor Co^t and output inductor L1 
provided in the power supply circuit, and a signal generated through the error amplifier 
by amplifying the error between output voltage and reference voltage are used. The 
signal obtained through first comparator 12 is sent to the reset side of flip flop circuit 1 6. 

20 At the same time, the triangular waveform obtained through filter circuit 21 connected 
in parallel to a series circuit comprising smoothing capacitor Co^tand output inductor LI 
in the power supply circuit and a signal obtained by resistance division through split 
resistors R3 and R4 of the signal obtained by amplifying the error between output 
voltage and reference voltage through error amplifier 11 are used. The signal obtained 

25 through second comparator 1 3 is sent to the set side of flip flop circuit 1 6. By sending 
the signal in this way, the amplitude of the triangular waveform is controlled to be 
between said two levels. 

Since the triangular waveform is generated through filter circuit 21 by this control, 
the up slope of the triangular waveform indicates the period when current flowing 

30 through output inductor LI increases, while the down slope of the triangular waveform 
indicates the period when the inductor current decreases. In this method, when the 
amplified error signal varies, frequency and duty ratio of the triangular waveform also 
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change according to the extent of its transformation. By controlling the triangular 
waveform between the said two levels, the phase difference between waveforms of 
the amplied error signal and the triangular waveform is fixed at maximum 90 degrees. 
As the triangular waveform is generated by on/off operation of control switch S1 
5 connected short of a series circuit comprising output inductor L1 and smoothing 
capacitor Co^t, the phase difference between the operational state of control switch SI 
and the amplified error signal is also fixed. This enables to secure the stability without 
reducing the frequency band of amplified error signal, signficantly improving the 
response rate of the switching power supply, 

10 According to the output signal of the amplified error signal, frequency and phase of 
the triangular waveform change instantaneously (driving status of the two switches in 
the power supply is shown), and, in turn, the inductor current also changes, 
materializing high speed response while minimizing the drop of the output voltage. 
Next, operation of the switching power supply with a sharp drop of the load current 

15 is described. This operational waveform diagram is shown in Fig. 3. In Fig. 3, the 
upper part indicates the output voltage waveform, the middle part indicates the 
inductor current waveform, and the lower part indicates the output of error amplifier 11 , 
resistance division of the output of error amplifier 11 and the triangular waveform 
controlled to be between the two signal levels generated by filter circuit 21 . When 

20 there is a shap drop of the load current, the output voltage leaps instantaneously and 
the inductor current drops sharply as shown in Fig. 3. 

Then, since the amplitude of the triangular waveform is controlled to be between 
said two levels similarly with the case of sharp increase of the load, the down slope of 
the triangular waveform represents the period when the inductor current decreases, 

25 while the up slope of the the triangular waveform represents the period when (current 
flowing through output inductor L1 increases. In this method, when the amplied error 
signal varies, frequency and duty ratio of the triangular waveform also change 
according to the extent of the transformation. By controlling the triangular waveform 
to be between the said two levels, the phase difference between waveforms of 

30 amplified error signal and the triangular waveform is fixed at maximum of 90 degrees. 
As the triangular waveform is generated by on/off operation of control switch SI 
connected short of a series circuit comprising output inductor LI and smoothing 
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capacitor Com. the phase difference between the operational state of control switch SI 
and the amplified error signal is also fixed. This enables to secure the stability 
without reducing the frequency band of annplified error signal, signficantly improving 
the response rate of the switching mode power supply. 
5 According to the output signal of the amplified error signal, frequency and phase of 
the triangular waveform change instantaneously (driving status of the two switches in 
the power supply is shown), and in turn, the inductor current also changes, 
materializing high speed response while maximizing leap of the output voltage. 

This embodiment of the switching power supply is provided with resistors and 

10 R2 for voltage detection and a series circuit comprising output inductor L1 and 
smoothing capacitor Cout, which is connected in parallel to filter circuit 21 in which 
resistor Rsawi and capacitors Csawi and Csaw2 are connected in series. This configuration 
keeps DC components of the amplified error output signal and the triangular waveform 
at approximately the same level. 

15 Fig. 4 shows a switching power supply relating to the first transformation of this 

embodiment. This switching power supply is configured with the output of the power 
supply circuit connected to the negative input of error amplifier 11 , which amplifies the 
the error between deteced voltage and reference voltage. The output of error amplifier 
11 is connected to the negative input of first comparator 12 and to the positive input of 

20 second comparator 13 through split resistors R3 and R4. 

Filter circuit 22 comprising serial connection of resistor Rsawi and the capacitor 
Csawi !s connected in parallel to a series circuit comprising output inductor LI and 
smoothing capacitor Cout. The output of filter circuit 22 is connected to the positive 
input of first comparator 12 and to the negative input of second comparator 13. 

25 The output of first comparator 1 2 is connected to the input on the reset side of flip 
flop circuit 16, and the output of second comparator 13 is connected to input on the set 
side of flip flop circuit 16. The output of flip flop circuit 16 is connected to the input of 
driver 17, output of which is connected to control switch SI and synchronous switch 
S2. In this configuration, the amplitude of the triangular waveform obtained through 

30 filter circuit 22 is controlled to be between an input level of first comparator 12 and an 
input level of second comparator 13. 

The switching power supply of the above configuration operates almost smilarly 
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with an embodiment shown in Fig. 1 , enabling to secure the stability without reducing 
the frequency band of amplified error signal and improving the response speed of the 
switching power supply -However, in this embodiment, a resistor for voltage detection 
is not provided at the output of the power supply circuit, and configuration of filter 
5 circuit 22 is different from filter circuit 21 of an embodiment shown in Fig. 1 . 

Fig. 5 shows a switching power supply relating to the second transformation of this 
embodiment. This switching power supply is provided with resistors Ri and Rg for 
voltage detection on the output side of the power supply circuit, and the connection of 
said resistors and R2 is connected to the negative input of error amplifier 11 to 

10 amplify the error between detected voltage and reference voltage. The output of 
error amplifier 11 is connected to the negative input of first comparator 12 and to the 
positive input of second comparator 13 through split resistors R3 and R4. 

In the said transformation, filter circuit 23 is provided between input and output 
output inductor LI. Filter circuit 23 is configured as follows. The input of output 

15 inductor LI is connected in series to resistors Rgawi and R^y^ in parallel with the 
synchronous switch S2, and the output of output inductor is connected in series to 
capacitors Csawi and C^^^ in parallel with synchronous switch S2. A connection is 
provided each between resistors Rgawi and Rs^^^ connected in series and between 
capacitors Csawi and Csaw2 connected in series. Filter circuit 23 is configured by 

20 coupling the two connections. The said connections, which work as the output of filter 
circuit 23, are connected to the positive input of first comparator 12 and the negative 
input of second comparator 13. 

The output of first comparator 12 is connected to the input on the reset side of flip 
flop circuit 16, and the output of second comparator 13 is connected to the input on the 

25 set side of flip flop circuit 16. The output of flip flop circuit 16 is connected to the input 
of driver 17, the output of which is connected to control switch SI and synchronous 
switch S2. In this confihuration, the amplitude of the triangular waveform obtained 
through filter circuit 25 is controlled to be between an input level of first comparator 12 
and an input level of second comparator 13. 

30 The switching power supply of said configuration operates almost similarly with an 
embodiment shown in Fig. 1, enabling to secure the stability without lowering 
frequency band of the amplified error amplifier signal and significantly improving the 
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response speed of the switching power supply. 

Fig. 6 shows the third transfornnation of this embodiment having very similar 
configuration with a transformation shown in Fig. 5. The switching power supply is 
configured with output of the power supply circuit connected to the negative input of 
5 error amplifier 11, which amplifies the error between detected voltage and reference 
voltage. This switching power supply operates almost similarly with an embodiment 
shown in Fig, 4, enabling to secure the stability without lowering frequency band of the 
amplified error signal and siginificantly Improving the response speed of the switching 
power supply. 

10 Fig. 7 shows a switching power supply relating to the fourth transformation of this 

embodiment. The switching power supply is provided with resistors and Rg for 
voltage detection purposes at the output of the power supply circuit, and a connection 
between resistors R^ and R2 is connected to the negative input of error amplifier 11, 
which amplifies the error between detected voltage and reference voltage. The output 

15 of error amplifier 11 is connected to the negative input of first comparator 1 2 and to the 
positive input of second comparator 13 through split resistors R3 and R4. 

In this transformation, resistor Rgfor current detection is connected between output 
inductor LI and smoothing capacitor Co^ti with its input connected to the positive input 
of buffer amplifier 15 and its output connected to the negative input of buffer amplifier 

20 1 5. The output of buffer amplifer 1 5 is connected to filter circuit 24 in which capacitor 
Csawi is connected in series to resistors Rsawi ^^id Rsaw2. The output of filter circuit 24 is 
connected to the positive input of first comparator 1 2 and the negative input of second 
comparator 1 3. 

The output of first comparator 1 2 is connected to the input on the reset side of flip 
25 flop circuit 1 6, and the output of second comparator 1 3 is connected to the input on the 
set side of flip flop circuit 1 6. The output of flip flop circuit 1 6 is connected to the input 
of driver 17, the output of which is connected to control switch SI and synchronous 
switch S2. In this configuration, the amplitude of the triangular waveform obtained 
through filter circuit 24 is controlled to be between an input level of first comparator 1 2 
30 and an input level of second comparator 13. 

The switching power supply of said configuration operates almost similarly with an 
embodiment shown in Fig. 1, enabling to secure the stability without lowering the 
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frequency band of the amplified error signal and siginificantly improving the response 
speed of the switching power supply. Also, this embodiment is provided with 
resistors and R2 for voltage detection and filter circuit 24 in which capacitor Csawi is 
connected in series to resistors Rsawi and Rsawa- This configuration enables pick up 
5 high-frequency components only. 

Fig. 8 shows a switching power supply relating to the fifth transformation of this 
embodiment- The switching power supply is configured with output of the power 
supply circuit connected to the negative input of error amplifier 11 , which amplifies the 
error betwiaen detectedl voltage and reference voltage. The output of error amplifier 

10 11 is connected to the negative input of first comparator 12 and to the positive Input of 
second comparator 13 through split resistors R3 and R4. 

In this transformation, resistor Rgfor current detection is connected between output 
inductor LI and smoothing capacitor Cout» with its input connected to the positive input 
of buffer amplifier 15 and its output is connected to the negative input of buffer 

15 amplifier 1 5. The output of buffer amplifier 1 5 is connected to filter circuit 25 in which 
capacitor Cgawi and resistor Rgawi are connected in series. The output of filter circuit 25 
is connected to the positive input of first comparator 12 and to the negative input of 
second comparator 13. 

The output of first comparator 1 2 is connected to the input on the reset side of flip 

20 flop circuit 1 6, and the output of second comparator 1 3 is connected to the input on the 
set side of flip flop circuit 16. The output of flip flop circuit 16 is connected to the input 
of driver 17, the output of which is connected to control switch SI and synchronous 
switch S2. In this configuration, the amplitude of the triangular waveform obtained 
through filter circuit 25 is controlled to be between an input level of first comparator 12 

25 and an t input level of second comparator 1 3. 

The switching power supply of said configuration operates almost similarly with a 
transformation shown in Fig. 4, enabling to secure the stability without lowering the 
frequency band of the amplified error signal and significantly improving the response 
speed of the switching power supply. 

30 In the sixth transformation shown in Fig. 9, current detection circuit 14 is 

connected to output inductor LI , the output of which is connected to filter circuit 24 in 
which capacitor C^^,^ is connected in series to resistors Rsawi and Rsaw2. Other 
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configuration is very similar to the one of the fourth transfornnation shown in Fig. 7. In 
the eighth transformation shown in Fig. 10, output inductor L1 is connected to current 
detection circuit 14, the output of which is connected to filter circuit 25 in which 
capacitor Csawi and resistor Rgawi sire connected in series. Other configuration is almost 
5 same the fifth transformation shown in Fig. 8. 

The switching power supply of the sixth transformation with the configuration 
shown in Fig, 9 operates almost similarly with a switching power supply shown in Fig,7, 
and a switching power supply of the seventh transformation shown in Fig. 10 operates 
almost similarly with a switching power supply shown in Fig. 8. 

10 A transformation shown in Fig. 11 represents an embodiment shown in Fig. 1, a 
transformation shown in Fig. 12 represents a transformation shown in Fig. 4, a 
transformation shown in Fig. 13 represents a transformation shown in Fig. 5, and a 
transformation shown in Fig. 14 represents a transformation shown in Fig. 6. In these 
transformations, control switch SI is connected to current detection circuit 14, output 

15 of which is connected to another terminal of resistor Rsa,^,^ connected to the output 
terminal of output inductor LI . 

Respective switching power supplies of said configuration shown in Fig. 11 and 
Fig. 14 operate almost similarly with switching power supplies shown in Fig.1, Fig.4, 
Fig. 5 anf Fig.6, but also adjust output impedance by adding current flow from current 

20 detection circuit in filter circuits 21 , 22, 23 and 24. 

Next, a switching power supply relating to the second embodiment of the invention 
is describeed. Those having been describeed on the first embodiment are omitted. 

Fig. 15 shows a switching power supply relating to the said embodiment. C 
represents the capacitor, S the switching element, R the resistor, Z the impedance, 11 

25 the error amplifier, 1 2 and 1 3 the comparators, 31 the voltage divider circuit, 1 6 the flip 
flop circuit, 32 the current discontinuity mode detection circuit, 17 the driver, and 21 the 
filter circuit. 

The switching power supply relating to this embodimentis provided smilarly with 
the first embodiment, with control switch SI , synchronous switch S2, output inductor 
30 LI, capacitor C^^^^ and a power supply circuit in which output inductor LI and 
smoothing capacitor Co^t are connected in series. The control circuit is connected to 
the output of the said power supply circuit and control switch SI and synchronous 
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switch S2. 

Resistors and R2 for voltage detection are provided at the output of the power 
supply circuit, and a connection between the resistors is connected to the negative 
input of error amplifier 11, which amplifies the error between detected voltage and 
5 reference voltage. Output of error amplifier 11 is connected to the negative input of 
first comparator 12 and voltage divider circuit 31 . In this configuration, the amplitude 
of the triangular waveform is controlled to be between a first signal obtained by 
amplifying the error between output voltage and reference voltage and a second signal 
obtained by dividing the first signal through voltage division circuit 31 . 

10 In particular, voltage divider circuit 31 comprises a series connection of resistors 
R3, R4 and R5, in which resistors R3 and R4 form voltage division variables, one end of 
resistor R^ is connected between output of error amplifier 11 and the negative input of 
first comparator 12, and another end of resistor R4 is connected to the positive input of 
second comparator 13. Resistor R5 connected in series to resistor R4 forms a 

15 voltage divider fixed part, and another end of resistor R5 is grounded. Switch S is 
connected in parallel to both terminals of resistor R4. Current discontinuity mode 
detection circuit 32 is connected to the control terminal of switch S and the input of 
driver 17, control switch SI and the control terminal of synchronous switch S2, to 
freely change the voltage division ratio with switch S turned on when the current 

20 discontinuity mode is detected. 

A series circuit comprising output inductor LI and smoothing capacitor Cout is 
connected in parallel to filter circuit 21 in which resistor R 33^1 is connected in series to 
capacitors Cga^i and Csaw2- The output of filter circuit 21 is connected to the positive 
input of first comparator 12 and the negative input of second comparator 13. 

25 The output of first comparator 12 is connected to input on the reset side of flip flop 
circuit 16, and output of second comparator 13 is connected to the input on the set 
side of flip flop circuit 16. The output of flip flop circuit 16 is connected to input of 
driver 1 7, the output of which is connected to control switch S1 and the control temninal 
of synchronous switch S2. In this configuration, the amplitude of the triangular 

30 waveform obtained through filter circuit 21 is controlled to be between an input level of 
first comparator 12 and an input level of second comparator 13. 

The switching power supply of the said configuration operates as follows. 
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Explanation about the current discontinuity mode is omitted as the switching power 
supply operates almost similarly with those having control means of prior art. 

Operation of the switching power supply in the current discontinuity mode is 
describeed below. This operational waveform diagram is shown in Fig. 16. In Fig. 
5 16, the lower part indicates the output voltage waveform, the middle part indicates the 
inductor current waveform and the upper part indicates the output of error amplifier 11 , 
resistance division of the output of error amplifier 11 and the triangular waveform 
controlled to be between the two signal levels generated through filter circuit 21 . 

As shown in the middle of Fig. 16, when current is in the discontinuity mode, 
10 output voltage becomes unstable and detected by current discontinuity mode 
detection circuit 32. Current discontinuity mode detection circuit 32 sends the detected 
signal to switch S provided in voltage divider circuit 31. This turns switch S on, 
clamping resistor R4 and causing a significant transformation of the voltage division 
ratio of voltage divider circuit 31 and subsequent transformation of the triangular 
15 waveform. This operation controls the increase in the ripple of the output voltage. 

When the current discontinuity mode changes to the current continuity mode, 
current discontinuity mode detection circuit 32 detects the current continuity mode. 
Current discontinuity mode detection circui 32 sends the detected signal to switch S 
provided in voltage divider circuit 31. This operation turns switch S off, changing 
20 resistance of the voltage divider variable part of voltage divider circuit 31 to the normal 
value which is the sum of resistors Rgand resistor R4. 

Fig. 17 shows a switching power supply relating to the first transformation of this 
embodiment. The switching power supply is configured with output of the power 
supply circuit connected to the negative input of error amplifier 11 , which amplifies the 
25 error between detected voltage and reference voltage. The output of error amplifier 11 
is connected to the negative input of first comparator 1 2 and to the positive input of 
second comparator 13 through voltage divider circuit 31 . 

Filter circuit 22 comprising a series connection of resistor Rsawi and capacitor C^awi 
is connected in parallel to a series circuit comprising output inductor LI and smoothing 
30 capacitor Cout. The output of filter circuit 22 is connected to the. positive input of first 
comparator 12 and to the negative input of second comparator 13. 

The output of first comparator 1 2 is connected to input on the reset side of the flip 
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flop circuit 16, and the output of second comparator 13 is connected to the input on the 
set side of flip flop circuit 1 6. The output of flip flop circuit 1 6 is connected to the input 
of driver 17, the output of which is connected to control switch SI and synchronous 
switch S2. In this configuration, the amplitude of the triangular waveform obtained 
5 through filter circuit 22 is controlled to be between an input level of first comparator 12 
and an Input level of second comparator 13. 

The switching power supply of said configuration operates almost similarly with an 
embodiment shown in Fig. 15, detecting the discontinuity of inductor current and 
materializing stable ripple characteristics through an integrated circuit which 

10 automatically changes the amplitude of the triangular waveform. However, the 
switching power supply of this embodiment is not provided with a resistor for voltage 
detection at the output side of the power supply circuit, and the configuration of filter 
circuit 22 is different from filter circuit 21 of an embodiment shown in Fig. 1 5. 

Fig. 18 shows a switching power supply relating to the second transformation of 

15 this embodiment. The switching power supply is provided with resistors and R2 for 
voltage detection at the output of the power supply circuit, and a connection between 
the resistors is connected to the negative input of error amplifier 11 which amplifies the 
error between detected voltage and reference voltage. The output of error amplifier 11 
is connected to the negative input of first comparator 12 and to the positive input of 

20 second comparator 13 through voltage divider circuit 31 . 

In said transformation, filter circuit 23 is provided between input and output of 
output inductor LI . Filter circuit 23 comprises resistors Rsawi sirid R^awa connected in 
parallel to synchronous swithch S2 and to the input of output inductor LI and 
capacitors Csawi sirid C^y^ connected in parallel to synchronous switch S2 and to the 

25 output of output inductor LI . A connection is provided each between resistors Rsawi 
and Rsaw2 connected in series and between capacitors C^awi and Csa^^^ connected in 
parallel. Filter circuit 23 is formed by coupling those two connections. The said 
connections constitute the outputs of filter circuit 23, which are connected to the 
positive input of (first comparator 12 and to the negative input of second comparator 

30 13. 

The output of first comparator 12 is connected to the input on the reset side of flip 
flop circuit 1 6, and the output of second comparator 13 is connected to the input on the 
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set side of flip flop circuit 1 6. The output of flip flop circuit 1 6 is connected to the input 
of driver 17, the output of which is connected to control switch S1 and synchronous 
switch S2. In this configuration, the amplitude of the triangular waveform obtained 
through filter circuit 25 is controlled to be between an input level of first comparator 12 
5 and an input level of second comparator 13. 

The switching power supply of said configuration operates almost similarly with an 
embodiment shown in Fig, 15, detecting the discontinuity of the inductor current and 
materializing stable ripple characteristics through an integrated circuit which 
automatically changes the mplitude of the trianguair waveform. 

10 Fig. 19 shows a switching power supply of the third transformation of this 
embodiment which has a configuration almost same as a transformation shown In Fig. 
1 8. This switching power supply is configured with output of the power supply circuit 
connected to the negative input of error amplifier 11 which amplifies the error between 
detected voltage and reference voltage. The switching power supply operates almost 

15 similarly with the transformation shown in Fig. 17, detecting the discontinuity of 
inductor current and materializing stable ripple characteristics through an integrated 
circuit which automatically changes the amplitude of the triangular waveform. 

Fig. 20 shows a switching power supply relating to the fourth transformation of this 
embodiment. The switching power supply is provided with resistors and Rg for 

20 voltage detection at the output of the power supply circuit, and a connection between 
resistors Ri and Rg is connected to the negative input of error amplifier 11, which 
amplifies the error between detected voltage and reference voltage. The output of 
error amplifier 11 is connected to the negative input of first comparator 12 and to the 
positive input of second comparator 1 3 through voltage divider circuit circuit 31 . 

25 In this transformation, resistor Rgfor current detection is connected between output 

inductor LI and smoothing capacitors Co^i, with its input connected to the positive input 
of buffer amplifier 15, and and its output to the negative input of buffer amplifier 15. 
The output of buffer amplifier 1 5 is connected to filter circuit 24 in which capacitor Csa^i 
is connected in series to resistors Rsawi and Rsawa. The output of filter circuit 24 is 

30 connected to the positive input of first comparator 12 and to the negative input of 
second comparator 13. 
The output of first comparator 12 is connected to the input on the reset side of flip 
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flop circuit 16, and the output of second comparator 13 is connected to the input on the 
set side of flip flop circuit 1 6. The output of flip flop circuit 1 6 is connected to the input 
of driver 17, the output of which is connected to control switch SI and synchronous 
switch S2. In this configuration, the amplitude of the triangular waveform obtained 
5 through filter circuit 24 is controlled to be between an input level of first comparator 12 
and an input level of second comparator 13. 

The switching power supply of said configuration operates almost similarly with 
an embodiment shown in Fig. 15, detecting the discontinuity of inductor current and 
materializing stable ripple characteristics through an integrated circuit which 

10 automatically changes the amplitude of the triangular waveform. Provided with 
resistors and R2 for voltage detection and filter circuit 24 in which capacitor Cgawi is 
connected in series to resistors R^ay^^ and Rsaw2» the switching power supply can pick up 
high-frequency components only. 

Fig. 21 shows a switching power supply relating to the fifth transformation of this 

15 embodiment. Said switching power supply is configured with the output of the power 
supply circuit connected to the negative input of error amplifier 11 which amplifies the 
error between detected voltage and reference voltage. The output of error amplifier 
11 connected to the negative input of first comparator 12 and to the positive input of 
second comparator 13 through voltage divider circuit 31 . 

20 In this transformation, resistor Rgfor current detection is connected between output 

inductor LI and smoothing capacitor Cout, with its input connected to the positive input 
of buffer amplifier 15 and its output to the negative input of buffer amplifier 15. The 
output of buffer amplifier 15 is connected to filter circuit 25 comprising a series 
connection of capacitor C^awi and resistor Rsawi. The output of filter circuit 25 is 

25 connected to the positive input of first comparator 12 and the negative input of second 
comparator 1 3. 

The output of first comparator 1 2 is connected to the input on the reset side of flip 
flop circuit 16, and the output of second comparator 13 is connected to the input on the 
set side of flip flop circuit 1 6. The output of flip flop circuit 1 6 is connected to the input 
30 of driver 17, the output of which is connected to control switch SI and synchronous 
switch S2. In this configuration, the amplitude of the triangular waveform obtained 
through filter circuit 25 is controlled to be between an input level of first comparator 12 
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and an input level of second comparator 13. 

The switching power supply of said configuration operates almost similarly with a 
transformation shown in Fig. 17, detecting the discontinuity of inductor current and 
matrializing stable ripple characteristics through an integrated circuit which 
5 automatically changes the amplitude of the triangular waveform. 

A switching power supply of the sixth transformation shown in Fig. 22 has output 
inductor LI connected to current detection circuit 33 which is connected to filter circuit 
24 comprising a series connection of capacitor Csawi and resistors R^^,^ and Rsaw2. 
Other configuration is almost same as the fourth transformation shown in Fig. 20. 

10 The switching power supply of the sixth transformation shown in Fig. 22 operates 
almost similarly with a switching power supply shown in Fig. 20. 

A switching power supply of the seventh transformation shown in Fig. 23 also has 
output inductor LI connected to current detection circuit 33, output of which is 
connected to filter circuit 25 comprising a series connection of capacitor C $awi arid 

15 resistor R 33^1 Other configuration is almost same as the fifth transfomriation shown in 
Fig.21. The switching power supply of the said configuration of the seventh 
transformation shown in Fig. 23 operates almost similarly with a switching power 
supply shown in Fig. 21 . 

A transformation shown in Fig. 24 corresponds to an embodiment shown in Fig. 15. 

20 A transformation shown in Fig. 25 corresponds to a transformation shown in Fig. 17. 
A transformation shown in Fig. 26 corresponds to a transformation shown in Fig. 18. 
A transformation shown in Fig. 27 corresponds to a transformation shown in Fig. 19. 
In the said transformations, current detection circuit 34 is connected to control switch 
SI , the output of which is connected to another terminal of resistor Rsawi connected to 

25 the output terminal of output inductor LI . 

Respective switching power supplies of said configuration shown in Fig. 24 to Fig. 
27 operate almost similarly with corresponding switching power supplies shown in in 
Fig. 15, Fig. 17, Fig. 18 and Fig.19, but also adjust output impedance as current from 
current detection circuit 34 is applied through filter circuits 21 , 22, 23 and 24. 

30 Next, a switching power supply relating to the third embodiment of the invention is 
describeed. 

Fig. 28 shows a switching power supply relating to the said embodiment. C 
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represents the capacitor, S the switching means, R the resistor, Z the impedance, 1 1 
the error amplifier, 12 and 13 the comparators, 36 the current source, 16 the flip flop 
circuit, 37 the amplifier, 17 the driver, and 21 the filter circuit. 

The switching power supply relating to said embodiment is provided with control 
5 switch S1 , synchronous switch S2, output inductor LI , smoothing capacitor C^^^, and a 
power supply circuit connected in series to output inductor LI and smoothing capacitor 
Couf The output of said power supply circuit is connected to a control circuit, the 
output of which is connected to control switch SI and synchronous switch S2. 

The switching power supply is provided with resistors for voltage detection and 

10 R2 at the output of the power supply circuit, and a connection between said resitors is 
connected to the negative input of error amplifier 11 which amplifies the error between 
detected voltage and reference voltage. The output of error amplifier 11 Is connected 
to the negative input of first comparator 12 and to the positive input of second 
comparator 13 through spilt resistors R3 and R4. 

15 Current source 36 is connected between a middle point of split resistors Raand R4 
and ground potential to receive the output signal of amplifier 37. The positive input of 
amplifier 37 is connected through the input of control switch SI , and the negative input 
of amplifier 37 is connected through the output of output inductor LI to detect I/O 
potential difference. 

20 Filter circuit 21 comprising a series connection of resistor R^^^ and capacitors Cgawi 
and Csaw2 is connected in parallel to a series circuit comprising output inductor LI and 
smoothing capacitor Co^^. The output of filter circuit 21 is connected to the positive input 
of first comparator 12 and to the negative input of second comparator 13. 
The output of first comparator 12 is connected to the Input on the reset side of flip 

25 flop circuit 16, and the output of second comparator 1 3 is connected to the input on the 
set side of flip flop circuit 1 6. The output of flip flop circuit 16 Is connected to the Input 
of driver 17, the output of which is connected to control switch SI and synchronous 
switch S2. In this configuration, the amplitude of the triangular wavefomri obtained 
through filter circuit 21 is controlled to be between an input level of first comparator 12 

30 and an input level of second comparator 13. 

The switching power supply of said configuration operates as follows. Fig. 29 
shows an operational waveform diagram with high I/O potential, and Fig. 30 shows an 
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operational waveform diagram with low I/O potential. 

In this embodiment, the input of amplifier 37 is connected to the input of control 
switch SI and the output of output inductor LI to detect I/O potential difference. The 
output signal of amplifier 37 is sent to current source 36 connected between the 
5 middle point of split resistors R3 and R4 and ground potential. That is, current flows 
through current source 36 in proportion to I/O potential difference, reducing the 
resistance of split resistor R3. As the resistance of split resistor R^ ls fixed, when I/O 
potential difference becomes high, the voltage division ratio between split resistors R3 
and R4 increases and the amplitude of the triangular waveform also increases as 

10 shown in Fig. 29. As a result, the oscillation frequency decreases. 

On the contrary, when I/O potential difference becomes lower, the output signal of 
amplifier 37 becomes lower and current flowing through the current source decreases 
and, in turn, the resistance of split resistor R4 increases. Since the resistance of split 
resistor R3 is fixed, when I/O potential difference becomes lower, the voltage division 

15 ratio between split resistors R3and R4 decreases and the amplitude of the triangular 
waveform also decreases. As a result, the oscillation frequency increases. As the 
said operation controls a change of the oscillation frequency against the fluctuation of 
I/O voltage, the switching power supply materializes stable oscillation frequency and 
output ripple characteristics. 

20 Fig. 31 shows a switching power supply relating to the first transformation of this 

embodiment. The switching power supply is configured with the output of a power 
supply circuit connected to the negative input of error amplifier 11 which amplifies the 
error between detected voltage and reference voltage. The output of amplifier 11 is 
connected to the negative input of first comparator 12 and to the positive input of 

25 second comparator 13 through split resistors R3 and R4. 

Current source 36 is connected at the middle point between split resistors R3and R4 
and the ground potential. Current source 36 is configured to receive the output signal 
of amplifier 37. The positive input of amplifier 37 is connected through the input of 
control switch SI, and the negative input of amplifier 37 is connected through the 

30 output of output inductor LI to detect I/O potential difference. 

Filter circuit 22 comprising a series connection of the resistor Rgawi and capacitor 
Csawi is connected in parallel with output inductor LI and smoothing capacitor Co^t, The 
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output of filter circuit 22 is connected to the positive input of first comparator 12 and to 
the negative input of second comparator 13. 

The output of first comparator 12 is connected to the input on the reset side of flip 
flop circuit 16, and the output of second comparator 13 is connected to the input on the 
5 set side of flip flop circuit 1 6. The output of flip flop circuit 1 6 is connected to the input 
of driver 17, the output of which is connected to control switch SI and synchronous 
switch S2. In this configuration, the amplitude of the triangular waveform obtained 
through filter circuit 22 is controlled to be between an input level of first comparator 12 
and an input level of second comparator 13. 

10 The switching power supply of said configuration operates almost similarly with an 
embodiment shown in Fig. 28, materializing stable ripple characteristics through an 
integrated circuit, which automatically changes the amplitude of the triangular 
waveform in proportion to I/O potential difference. However, the switching power 
supply of this embodiment is not provided with a resistor for voltage detection on the 

15 output side of the power supply circuit, and the configuration of filter circuit 22 is 
different from filter circuit 21 of an embodiment shown in Fig.-I . 

Fig. 32 shows a switching power supply relating to the second transformation of 
this embodiment. The switching power supply is provided with resistors Ri and for 
voltage detection at the output of the power supply circuit, and a connection between 

20 the said resistors is connected to the negative input of error amplifier 11 which 
amplifies the error between detected voltage and reference voltage. The output of 
amplifier 11 is connected to the negative input of first comparator 12 and to the positive 
input of second comparator 13 through split resistors R3 and R4. 

In the said transformation, filter circuit 23 is provided between the input and output 

25 of output inductor LI , with the following configuration. -Resistors Rsawi and R3a„2 are 
connected in parallel to synchronous switch S2 and to the input of output inductor L1 , 
and capacitors Csawi and C^smz are connected in series in parallel to synchronous 
switch S2 and to the output of output inductor LI. A connection is provided each 
between a series connection of resistors Rsa^i and Rsawa and between a series 

30 connection of capacitors Csawi and Csaw2. Filter circuit 23 is formed by coupling the two 
connections which represent output of filter circuit 23. The output of filter circuit 23 is 
connected to the positive input of first comparator 12 and to the negative input of 



26 

second comparator 13. 

The output of first comparator 12 is connected to the input on the reset side of flip 
flop circuit 16, and the output of second comparator 13 is connected to the input on the 
set side of flip flop circuit 1 6. The output of flip flop circuit 1 6 is connected to the input 
5 of driver 17, the output of which is connected to control switch SI and synchronous 
switch S2. In this configuration, the amplitude of the triangular waveform obtained 
through filter circuit 23 is controlled to be between an input level of first comparator 12 
and an input level of second comparator 13. 

The switching power supply of said configuration operates almost similarly with an 

10 embodiment shown in Fig. 28, materializing stable ripple characteristics through an 
integrated circuit which automatically changes the amplitude of the triangular 
waveform in proportion to the I/O potential difference. 

Fig. 33 shows a switching power supply of the third transformation of this 
embodiment, which operates almost similarly with an transformation shown in Fig. 32. 

15 This switching power supply is configured with the output of the power supply circuit 
connected to the negative input of error amplifier 11 which amplifies the error between 
detected voltage and reference voltage. This switching power supply operates almost 
similarly with a transformation shown in Fig. 32, materializing stable ripple 
characteristics through an integrated circuit which automatically changes the 

20 amplitude of the triangular waveform in proportion to I/O potential difference. 

Fig. 34 shows a switching power supply relating to the fourth transformation of this 
embodiment. The switching power supply is provided with resistors Ri and Rg for 
voltage detection at the output of the power supply circuit, and a connection between 
resistors Ri and Rg is connected to the negative input of error amplifier 11 which 

25 amplifies the error between detected voltage and reference voltage. The output of 
error amplifier 11 is connected to the negative input of first comparator 12 and to the 
positive input of second comparator 13 through split resistors Rgand R4. 

In this transformation, resistor Rgfor current detection is connected between output 
inductor LI and smoothing capacitor 0^^,, with its — input connected to the positive 

30 input of buffer amplifier 1 5 and its output connected to the negative input of buffer 
amplifier 15. Filter circuit 24 comprising a series connection of capacitor Csawi and 
resistors R^awi and is connected to the output of buffer amplifier 1 5. The output 
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of filter circuit 24 is connected to the positive input of first comparator 12 and to the 
negative input of second comparator 13. 

The output of first comparator 12 is connected to the input on the reset side of flip 
flop circuit 1 6, and the output of second comparator 13 is connected to the input on the 
5 set side of flip flop circuit 1 6. The output of flip flop circuit 1 6 is connected to the input 
of driver 17, the output of which is connected to control switch SI and synchronous 
switch S2. In this configuration, amplitude of the triangular waveform obtained 
through filter circuit 24 is controlled to be between an input level of first comparator 12 
and an input level of second comparator 13. 

10 The switching power supply of said configuration operates almost similarly with an 
embodiment of the invention shown in Fig. 28, materializing stable ripple 
characteristiics through an integrated circuit which automatically changes the 
amplitude of the triangular waveform in proportion to I/O potential difference. In 
addition to this, as having resistors and for voltage detection and filter circuit 24 

15 comprising a series connection of capacitor Csawi arid resistors Rsawi and Rsaw2» the 
switching power supply of the said transformation can pick up high-frequency 
components only. 

Fig. 35 shows a switching power supply relating to the fifth transformation of this 
embodiment. Said switching power supply is configured with output of the power 

20 supply circuit connected to the negative input of error amplifier 11 which amplifies the 
error between detected voltage and reference voltage. The output of error amplifier 
11 is connected to the negative input of first comparator 12 and to the positive input of 
second comparator 13 through split resistors R3 and R4. 

In this transformation, resistor Rgfor current detection is connected between output 

25 inductor LI and smoothing capacitor Cout> with its input connected to the positive input 
of buffer amplifier 15 and its output to the negative input of buffer amplifier 15. The 
output of buffer amplifier 15 is connected to filter circuit 25 comprising a series 
connection of capacitor Csawi and resistor Rsa^i. The output of filter circuit 25 is 
connected to the positive input of first comparator 12 and to the negative input of 

30 second comparator 1 3. 

The output of first comparator 12 is connected to the input on the reset side of flip 
flop circuit 1 6, and the output of second comparator 1 3 is connected to the input on the 
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set side of flip flop circuit 1 6. The output of flip flop circuit 1 6 is connected to the input 
of driver 17, the output of which is connected to control switch SI and to synchronous 
switch S2. In this configuration, the amplitude of the triangular waveform obtained 
through filter circuit 25 is controlled to be between an input level of first comparator 12 
5 and an input level of second comparator 13. 

The switching power supply of said configuration operates similarly with an 
embodiment shown in Fig. 31, materializing stable ripple characteristics through an 
integrated circuit which automatically changes the amplitude of the triangular 
waveform in proportion to I/O potential difference. 

10 The sixth transformation of this invention shown in Fig. 36 is provided with current 
detection circuit 33 connected to putput inductor LI and filter circuit 24 comprising 
capacitor Csawi connected in series to resistors Rsawi and Rsaw2. Other configuration 
is almost same as the seventh transfomiation shown in Fig. 34. The switching power 
supply of said configuration shown in Fig. 36 operates almost similarly with a switching 

15 power supply shown in Fig. 34. 

A swithcing power supply of the seventh transformation shown in Fig. 37 is provided 
with output inductor LI connected to filter detection circuit 33, the output of which is 
connected to filter circuit 25 comprising capacitor C^^^^ connected in series to resistor 
Rsawi. Other configuration is almost same as a transformation shown in Fig. 35. The 

20 switching power supply 7 of said configuration shown in Fig. 37 operates almost 
similarly with a switching power supply shown in Fig. 35. 

A transformation shown in Fig. 38 corresponds to an embodiment shown in Fig. 28. 
A transformation shown in Fig. 39 corresponds to a transformation shown in Fig. 31 . 
A transformation shown in Fig. 40 corresponds to a transformation shown in Fig, 32. 

25 A transformation shown in Fig. 41 corresponds to a transfomiation shown in Fig. 33. 
In the switching power supplies of said transfomnations, control switch SI is connected 
to current detection circuit 34, the output of which is connected to another terminal of 
resistor R^^^ connected to the output of output inductor LI . 

The switching power supplies of said configuration shown in Fig. 38 to Fig. 41 

30 operates almost similarly with the switching power supplies shown in Fig. 28, Fig. 31 , 
Fig. 32 and Fig. 33, but also adjust output impedance with current from current 
detection circuit 34 applied through filter circuits 21 , 22 and 23. 
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Next, a switching power supply relating to the fourth embodiment of the invention is 
described. Fig. 42 shows a switching power supply relating to said embodiment. C 
represents capacitor, S the switching device, R the resistor, Z the impedance, 11 the 
error amplifier, 12 and 13 the comparators, 39 the OR circuit, 16 the flip flop circuit, 17 
5 the driver, and 21 the filter circuit. 

The switching power supply relating to this embodiment is provided with control 
switch SI , synchronous switch S2, output inductor LI , capacitor Cout» and a power 
supply circuit in which output inductor LI and smoothing capacitor Co^t are connected 
in series. The output of — said power supply circuit is connected to a control circuit, the 
10 output of which is connected to control switch SI and synchronous switch S2. 

Resistors R^ and R2 for voltage detection are provided at the output of the the 
power supply circuit, and a connection between said resistors is connected to the 
negative input of error amplifier 11 which amplifies the error between detected voltage 
and reference voltage and sends the amplified error signal. The output of error 
15 amplifier 11 is connected to the negative input of first comparator 1 2 and to the positive 
input of second comparator 1 3 through split resistors R3 and R4 to generate the divided 
signal. 

Filter circuit 21 comprising a series connection of and resistor Rsaw^ and capacitors 
Csawi and Csavv2 is connected in parallel with output inductor LI . The output of filter 

20 circuit 21 is connected to the positive input of first comparator 12 and to the negative 
input of second comparator 1 3. 

The output of first comparator 12 is connected to the input on the reset side of flip 
flop circuit 16 to generate a first comparison signal. The output of second comparator 
13 is connected to an input of OR circuit 39 so to generate a second comparison 

25 signal. The clock signal is sent to another input of OR circuit 39, the output of which 
is connected to the set side of flip flop circuit 1 6 to generate the clock signal in the 
steady state and said second comparison signal when there is a sharp change of the 
load. The output of flip flop circuit 16 is connected to the input of driver 17, output of 
which is connected to control switch SI and to synchronous switch S2. In this 

30 configuration, the amplitude of the triangular waveform obtained through filter circuit 
21 is controlled to be between said amplified error signal and said divided signal when 
there is a sharp change of the load, to have said clock signal the timing of control 
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switch SI to ON. 

The switching power supply of said configuration operates as follows. In the steady 
state, said clock signal is sent to the set side of flip flop circuit 1 6 through OR circuit 39 
to turn control switch SI on and synchronous switch S2 off. With control switch SI 
5 turned on, output voltage is generated and error amplifier 11 connected to the output 
side of flip flop circuit 16 generates the amplified error signal. The amplified error 
signal is compared with the triangular waveform generated through filter circuit 21 
connected in parallel to synchronous switch S2, and when becoming bigger than the 
amplified error signal, the triangular wavefomn is sent to the reset side of flip flop circuit 

10 16 to turn control switch SI off and synchronous switch on. Said switching power 
supply operates by repeating said operations. 

Next, operation of the switching power supply with a sharp decrease of the load is 
described. When there is a sharp current decrease, the output voltage leaps 
instantaneously, while the choke current decreases sharply. At this time, the 

15 triangular waveform obtained through filter circuit 21 connected in parallel to a series 
circuit comprising output inductor Li and smoothing capacitor Cout and a signal 
generated by amplifying the error between output voltage and reference voltage 
through error amplifier 11 are used to send said first comparison signal obtained 
through first comparator 1 2 to the reset side of flip flop circuit 1 6. At the same time, the 

20 triangular waveform obtained through filter circuit 21 connected in parallel to a series 
circuit comprising capacitor Cout and output inductor LI provided in the power supply 
circuit and a signal generated by resisitance division through split resistors R3 and R4 
of a signal generated by amplifying the error between output voltage and reference 
voltage through error amplifier 11 are used to send said second comparison signal 

25 obtained through second comparator 1 3 to the set side of flip flop circuit 1 6 in order to 
control the amplitude of the triangular waveform to be between said two signal levels. 

As the amplitude of the triangular waveform is controlled to be between said two 
signal levels, the down slope of the triangular waveform represents a period when the 
choke current decreases, while its up slope represents a period when current flowing 

30 through output inductor LI increases. In this method, when the amplified error signal 
varies, frequency and duty ratio of the triangular waveform also change according to 
the extent of its transformation. By controlling the triangular waveform to be between 
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said two levels, the phase difference between waveforms of the amplied error signal 
and triangular waveform is fixed at maximum 90 degrees. As the triangular waveform 
is generated by on/off operation of control switch S1 connected short of a series circuit 
comprising output inductor LI and smoothing capacitor Co^t* the phase difference 
5 between the operational state of control switch S1 and the amplified error signal is also 
fixed. This enables to secure the stability without reducing the frequency band of 
amplified error signal, signficantly improving the response rate of the switching power 
supply. 

According to the output signal of error amplifier 11 , frequency and phase of the 
10 triangular waveform change instantaneously (driving status of the two switches in the 
power supply is shown), and, in turn, the inductor current also changes, materializing 
high speed response while maximizing the leap of the output voltage. 

Next, operation of the switching power supply with sharp increase of the load 
current is described. This operational waveform diagram is shown in Fig.43. In Fig. 
15 43, the upper part indicates the inductor current waveform, and the lower part 
indicates the output voltage waveform. When there is a shap increase of load current, 
the output voltage drop instantaneously and the inductor current increases sharply as 
shown in Fig. 43. 

At this time, the triangular waveform obtained through filter circuit 21 connected 
20 in parallel to a series circuit comprising output inductor LI and smoothing capacitor 
Cout and a signal generated by amplifying the error between output voltage and 
reference voltage through error amplifier 11 are used to send said first comparison 
signal obtained through first comparator 12 to the reset side of flip flop circuit 1 6. At the 
same time, the triangular waveform obtained through filter circuit 21 connected in 
25 parallel to a series circuit comprising capacitor Cout and output inductor LI provided in 
the power supply circuit and a signal generated by resisitance division through split 
resistors R3 and R4 of the amplified errora signal generated by amplifying the error 
between output voltage and reference voltage through error amplifier 11 are used to 
send said second comparison signal obtained through second comparator 13 to an 
30 input of OR circuit 39 and the clock signal to another input of OR circuit 39 .In the 
steady state, the clock signal is sent from OR circuit 39. When there is a sharp 
change of the load, OR circuit 39 sends said second comparison signal to the set side 
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of flip flop circuit 16, and, in stead of the clock signal, flip flop circuit 16 sends said 
second comparison signal to control switch S1, whereby the amplitude of the 
triangular waveform obtained through filter circuit 21 is controlled to be between the 
amplified error signal and the division signal. 
5 As the amplitude of the triangular waveform is controlled to be between said two 
signals in this method, when the amplified error signal varies, frequency and duty ratio 
of the triangular waveform also change according to the extent of its transformation. 
By controlling the triangular waveform to be between said two signal levels, the phase 
difference between wavefomns of the amplied error signal and the triangular waveform 

10 is fixed at maximum 90 degrees. As the triangular waveform is generated by on/off 
operation of control switch SI connected short of a series circuit comprising output 
inductor LI and smoothing capacitor Cout> the phase difference between the 
operational state of control switch SI and the amplified error signal is also fixed. This 
enables to secure the stability without reducing the frequency band of amplified error 

15 signal, signficantly improving the response rate of the switching power supply. 

According to the output signal of error amplifier 11, frequency and phase of the 
triangular waveform change instantaneously (driving status of the two switches in the 
power supply is shown), and, in turn, the inductor current also changes, materializing 
high speed response while maximizing the fluctuation of the output voltage 

20 Fig. 44 shows a switching power supply relating to the first transformation of said 
embodiment. The switching power supply relating to said transformation is provided 
with control switch S1, synchronous switch S2, output inductor LI, smoothing 
capacitor Cout. and a power supply circuit in which output inductor L1 and smoothing 
capacitor C^ut are connected in series. Output of said power supply circuit is connected 

25 to a control circuit, the output of which is connected to control switch SI and 
synchronous switch S2. 

Resistors and Rg for voltage detection are provided at the output of the the 
power supply circuit, and a connection between said resistors is connected to the 
negative input of error amplifier 11 which amplifies the error between detected voltage 

30 and reference voltage and sends the amplified error signal. The output of error 
amplifier 11 is connected to the negative input of first comparator 12 and to the positive 
input of second comparator 13 through split resistors R3 and R4 to generate the divided 
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signal. 

Filter circuit 21 comprising a series connection of and resistor R^^^ and capacitors 
Csawi and Csaw2 connected in parallel with output inductor L1 . The output of filter 
circuit 21 is connected to the positive input of first comparator 12 and to the negative 
5 input of second comparator 1 3. 

The output of second comparator 13 is connected to the input on the reset side of 
flip flop circuit 16 to generate a second comparison signal. The output of first 
comparator 12 is connected to an input of OR circuit 39 to generate a first comparison 
signal. The clock signal is sent to another input of OR circuit 39, the output of which 

10 is connected to the set side of flip flop circuit 1 6 to generate the clock signal in the 
steady state and said first comparison signal when there is a sharp change of the load. 
The output of flip flop circuit 1 6 is connected to the input of driver 17, output of which is 
connected to control switch SI and to synchronous switch S2. In this configuration, 
the amplitude of the triangular waveform obtained through filter circuit 21 is controlled 

15 to be between said amplified error signal and said divided signal when there is a sharp 
change of the load, to have said clock signal fix the timing of control switch SI to OFF. 

The switching power supply of said configuration operates almost similarly with an 
embodiment shown in Fig. 42, except that said first comparison signal obtained 
through first comparator 12 is compared with the clock signal and then sent to control 

20 switch S, and when there is a sharp change of the load, said first comparison signal is 
sent to control switch SI instead of the clock signal to control the amplitude of the 
triangular waveform obtained through filter 21 to be between the amplified error signal 
and the division signal obtained through split resistors R3 and R4 to have the clock 
signal fix the timing of control switch SI to OFF in the steady state. Said configuration 

25 of having the clock signal fix the timing of control switch SI to OFF is also available 
with switching power supplies relating to other embodiments described below 

Fig. 45 shows a switching power supply relating to the second transfomriation of 
said this embodiment. Similarly with an embodiment shown in Fig. 42, said switching 
power supply is provided with control switch SI, synchronous switch S2, output 

30 inductor LI , capacitor Co^t* and a power supply circuit in which output inductor LI and 
smoothing capacitor Cout are connected in series. The output of said power supply 
circuit is connected to a control circuit, the output of which is connected to control 
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switch SI and synchronous switch S2. 

Resistors and Rg for voltage detection are provided at the output of the the 
power supply circuit, and a connection between said resistors is connected to the 
negative input of error amplifier 11 which amplifies the error between detected voltage 
5 and reference voltage and sends the amplified error signal. The output of error 
amplifier 11 is connected to the negative input of first comparator 1 2. 

Filter circuit 21 comprising a series connection of and resistor Rsawi and capacitors 
Csawi and Csaw2 is connected in parallel with output inductor LI and smoothing 
capacitor Cout- The output of filter circuit 21 is connected to the positive input of first 
10 comparator 1 2. 

The output of first comparator 12 is connected to the input on the reset side of flip 
flop circuit 16 to generate a first comparison signal. The clock signal is sent to the set 
side of flip flop circuit 16. The output of flip flop circuit 16 is connected to the input of 
driver 17, the output of which is connected to each control terminal of control switch SI 
15 and synchronous switch S2. In this configuration, the amplitude of the triangular 
waveform obtained through filter circuit 21 is compared with the amplified error signal 
to generate the comparison signal, to have said clock signal fix the timing of control 
switch SI to ON. 

The switching power supply of said configuration operates almost similarly with an 
20 embodiment shown in Fig, 42, as it comprises just essential components of said 
embodiment. But, unlike the embodiment shown in Fig. 42, the switching power supply 
of said embodiment is not provided with second comparator 13 of the embodiment 
shown in Fig. 42, wherefore the clock signal is not compared with said second 
comparison signal sent from second comparator 13 and the amplified error signal is 
25 compared with the triangular waveform obtained through filter circuit 21 and then a 
comparison signal is sent to control switch SI to have the clock signal fix the timing of 
control switch 81 to ON. Said configuration of having the clock signal fix the timing of 
control switch SI to ON is also available with switching power supplies relating to other 
tranformations described below 
30 Fig. 46 shows a switching power supply relating to the third transformation of said 
embodiment. Said switching power supply is an transformation of the first 
transformation shown in Fig. 44 and, therefore similarly with the first transformation 
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shown in Fig. 44, it is provided with control switch SI, synchronous switch S2, output 
inductor L1 , capacitor C^^jt, and a power supply circuit in which output inductor L1 and 
smoothing capacitor C^^^ are connected in series. The output of said power supply 
circuit is connected to a control circuit, the output of which is connected to control 
5 switch S1 and synchronous switch S2. 

Resistors and R2 for voltage detection are provided at the output of the the 
power supply circuit, and a connection between said resistors is connected to the 
negative input of error amplifier 11 which amplifies the error between detected voltage 
and reference voltage and sends the amplified error signal. The output of error 

10 amplifier 11 is connected to the positive input of second comparator 13 through split 
resistors R3 and R4 to generate the divided signal. 

Filter circuit 21 comprising a series connection of and resistor Rsawi ^nd capacitors 
Csawi and Csaw2 is connected in parallel with output inductor LI and smoothing 
capacitor Co^t. The output of filter circuit 21 is connected to the negative input of 

15 comparator 1 3. 

The output of first comparator 1 3 is connected to the input on the set side of flip flop 
circuit 16 to generate a comparison signal. The clock signal is sent to the reset side of 
flip flop circuit 16. The output of flip flop circuit 16 is connected to the input of driver 17, 
the output of which is connected to each control terminal of control switch SI and 

20 synchronous switch S2. In this configuration, the triangular waveform obtained 
through filter circuit 21 is compared with the amplified error signal to generate the 
comparison signal, to have said clock signal fix the timing of control switch SI to OFF, 
The switching power supply of said configuration operates almost similarly with an 
embodiment shown in Fig. 44, as it comprises just essential components of said 

25 embodiment. But, unlike the embodiment shown in Fig. 42, the switching power supply 
of said embodiment is not provided with first comparator 1 2 of the embodiment shown 
in Fig. 44, wherefore the clock signal is not compared with said first comparison signal 
sent from first comparator 12 and the amplified error signal is compared with the 
triangular waveform obtained through filter circuit 21 and then a comparison signal is 

30 sent to control switch SI to have the clock signal fix the timing of control switch SI to 
OFF. Said configuration of having the clock signal fix the timing of control switch SI 
to OFF is also available with switching power supplies relating to other tranformations 
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described below 

Fig. 47 shows a switching power supply of the fourth transformation of said 
embodiment, a multiphased version of the embodiment shown in Fig. 42. Said 
switching power supply has a common power supply Vin and two power supply circuits. 
5 Each power supply circuits is provided with control switch S1 , synchronous switch S2, 
output inductor L1 , smoothing capacitor C^^^ and a power supply circuit in which output 
inductor L1 and smoothing capacitor Co^t are connected in series. A common output 
is provided for said power supply circuits, and it is connected to a control circuit 
through resistors Ri and Rafor voltage detection. 

10 Resistors R-, and Rg for voltage detection is connected to the negative input of error 
amplifier 11 , which amplifies the error between detected voltage and reference voltage 
and generate the amplified error signal. The output of error amplifier 1 2 is connected 
to the negative input of first comparator 1 2 and to positive input of second comparator 
13 through split resistors Rsand R4. 

15 Filter circuit 21 comprising a series connection of resistor Rsa^^ capacitors Cgawi 
and Csaw2 is connected in parallel with a series circuit comprising output inductor LI 
and smoothing capacitor Cout- The output of filter circuit 21 is connected to the positive 
input of first comparator 1 2 and to the negative input of second comparator 1 3. 

The output of first comparator 12 is connected to the input on the reset side of flip 

20 flop circuit 16 to generate a first signal. The output of second comparator 13 is 
connected to an input of OR circuit 39 to send a second comparison from second 
comparator 13 to OR circuit 39. The clock signal is sent to another input of OR circuit 
39, and the output of OR circuit 39 is connected to the set side of the flip flop circuit 16 
to generate the clock signal in the steady state and said second comparison signal 

25 when there is a sharp change of the load. The output of flip flop circuit 16 is 
connected to the input of driver 17, the output of which is connected to control switch 
SI and a control terminal of synchronous switch S2. In this configuration, the 
amplitude of the triangular waveform obtained through filter circuit 21 is controlled to 
be between the amplified error signal and the divided signal to have the clock signal fix 

30 the timing of control switch SI to ON. 

The switching power supply of said configuration operates as follows. Description 
of operations in the steady state and with a sharp drop of the load is omitted as it 
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operates almost similarly with the embodiment shown in Fig. 42. 

Next, operation with a sharp increase of the load is described. This operational 
waveform diagram is shown in Fig. 48. In Fig. 48, the upper part represents the 
choke current waveform, and the lower part represents the output voltage waveform. 
5 When load current increases sharply, output voltage decreases instantaneously and 
respective choke current increases sharply as shown in Fig. 48. 

Similarly with an embodiment shown in Fig. 42, the trinagular waveform obtained 
through filter circuit 21 and a signal generated by amplifying the error between output 
voltage and reference voltage are used to send a first signal to the reset side of flip flop 

10 circuit 16. Also, the triangular waveform obtained through filter circuit 21 and a signal 
generated by resistance revision through split resistors Rgand R4 of the amplified error 
signal obtained by amplifying the error between output voltage and reference voltage 
are used to send a second comparison signal obtained through second comparator 13 
to an input of OR circuit 39 and send the clock signal to another input of OR circuit 39. 

15 The the clock signal is generated by OR circuit 39 in the steady state, while when 
there is a sharp change of the load, a second comparison signal is sent from OR 
circuit 39 to the set side of flip flop circuit 16. Instead of the clock siignal, flip flop 
circuit 16 sends said second comparison signal to control switch SI to control the 
amplitude of the triangular waveform obtained through filter circuit 21 to be between 

20 the amplified error signal and the divided signal. Thus, a multiphased switching power 
supply operates similarly with a single-phase switching power supply. Said switching 
power supply is multi-phased using two power supply circuits, but it operates similarly 
even when three or more power supply circuits are provided. Multi-phasing is also 
available with transformations described below. 

25 Fig. 49 shows a switching power supply relating to the fifth transformation of 

said embodiment. The said switching power supply is configured with the output of 
the power supply circuit connected to the negative input of error amplifier 11. which 
amplifies the error between the detected voltage and reference voltage. The output of 
error amplifier 11 is connected to the negative input of first comparator 12 and to the 

30 positive input of second comparator 13 through split resistors R3 and R4. 

Filter circuit 22 comprising a series connection of capacitor C^awi and resistor Rgg^^ 
Is connected in parallel to a series circuit comprising output inductor LI and smoothing 
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' capacitor Co^t- The output of filter circuit 22 is connected to the positive input of first 
comparator 12 and the negative input of second comparator 13. 

The output of first comparator 12 is connected to the input on the reset side of flip 
flop circuit 16, and the output of second comparator 13 is connected to an input to OR 
5 circuit 39. The clock signal is sent to another input of OR circuit 39, the output of which 
is connected to the set side of flip flop circuit 16 to generate the clock signal in the 
steady state and said second comparison signal when there is a sharp change of the 
load. The Output of flip flop circuit 1 6 is connected to the input of driver 1 7, the output 
of which is connected to control switch SI and synchronous switch S2.. In this 

10 configuration, the amplitude of the triangular wavefomn obtained through filter circuit 
25 is controlled to be between the amplified error signal and the divided signal to have 
said clock signal fix the timing of control switch SI to ON. 

The switching power supply of said configuration operates almost similarly with a 
transformation in Fig. 42, fixing the oscillation frequency by having the clock signal fix 

15 the timing of control switch SI to ON in the steady state. The switching power supply 
relating to said embodiment is not provided with a resistor for voltage detection at the 
output of the power supply circuit, and the configuration of filter circuit 22 is different 
from filter circuit 21 of an embodiment shown in Fig. 42. 

Fig. 50 shows a switching power supply relating to the six transformation of said 

20 embodiment. Said switching power supply is provided with resistors R^ and Rg for 
voltage detection at the output of the power supply circuit, and a connection between 
said resistors is connected to the negative input of error amplifier 11, which amplifies 
the error between the detected voltage and the reference voltage. The output of error 
amplifier 11 is connected to the negative input of first comparator 12 and to the positive 

25 input of second comparator 1 3 through split resistors R3 and R4. 

In said transformation, filter circuit 23 is provided between the input and the output 
of output inductor LI . Filter circuit 23 is configured by connecting resistors Rsawi and 
Rsaw2 in parallel with synchronous switch S2 and in series with the input terminal of 
output inductor LI and . connecting capacitors Csawi and C^^^ in parallel with 

30 synchronous switch S2 and in series with the power output terminal of output inductor 
LI . A connection is provided between resistors Rgawi and R^a^ connected in series 
and between capacitors C^^^ and Csaw2 connected in series respectively. Filter circuit 
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23 is formed by connecting said connections. Working as the output of filter circuit 23, 
said connections are connected to the positive input of first comparator 12 and to the 
negative input of second comparator 13 respectively. 

The output of first comparator 1 2 is connected to the input on the reset side of flip 
5 flop circuit 16 to generate a first comparison signal, and the output of second 
comparator 13 is connected to an input of OR circuit 39 to generate a second 
comparison signal. The clock signal is sent to another input of OR circuit 39, output of 
which is connected to the set side of the flip flop circuit 1 6 to generate the clock signal 
in the steady state and said second comparison signal when there is a sharp change 

10 of the load. The output of flip flop circuit 1 6 is connected to the Input of driver 1 7, the 
output of which is connected to control switch S1 and the control terminal of 
synchronous switch S2. In this configuration, the amplitude of the triangular 
waveform obtained through filter circuit 23 is controlled to be between the amplified 
error signal and the said divided signal to have said clock signal fix the timing of control 

15 switch SI to ON in the steady state. 

The switching power supply of said configuration operates almost similarly with an 
embodiment shown in Fig. 42, fixing the oscillation frequency by having the clock 
signal fix the timing of control switch SI to ON in the steady state. 

Fig. 51 shows the seventh transformation of said embodiment, which is almost 

20 similar with a transformation shown in Fig. 50. Said switching power supply is 
configured with the output of the power supply circuit connected to the negative input 
of error amplifier 11 , which amplifies the error between detected voltage and reference 
voltage. Said switching power supply operates almost similarly with a transformation 
shown in Fig. 50, fixing the oscillation frequency by having the clock signal fix the 

25 timing of control switch S1 to ON in the steady state. 

Fig. 52 shows a switching power supply relating to the eighth transformation of said 
embodiment. Said switching power supply is configured with the output of the power 
supply circuit connected to resistors R^ and Rgfor voltage detection, and a connection 
between said resistors is connected to the negative input of error amplifier 11 , which 

30 amplifies the error between detected voltage and reference voltage. The output of 
error amplifier 11 is connected to the negative input of first comparator 12 and to the 
positive input of second comparator 13 through split resistors Rgand R4 
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In said transformation, resistor Rgfor current detection is connected between output 
inductor L1 and smoothing capacitor Co^t, and the input of resistor R5 is connected to 
the negative input of buffer amplifier 15 and its output to the negative input of buffer 
amplifier 15. The output of buffer amplifier 15 is connected to filter circuit 24 
5 comprising a series connection of capacitor Csawi and resistors Rsawi and Rsaw2. The 
output of filter circuit 24 is connected to the positive input of first comparator 12 and to 
the negative input of second comparator 1 3. 

The output of first comparator 12 is connected to the input on the reset side of flip 
flop circuit 16 to generate a first comparison signal- The output of second comparator 

10 13 is connected to an input of OR circuit 39 to generate a second comparison signal. 
The clock signal is sent to another input of OR circuit 39, the output of which is 
connected to the set side of flip flop circuit 1 6 to generate the clock signal in the steady 
state and said second comparison signal when there is a sharp change of the load. 
The output of flip flop circuit 16 is connected to the input of driver 17, the output of 

15 which is connected to control switch SI and to the control terminal of synchronous 
switch S2. In this configuration, the amplitude of the triangular waveform obtained 
through filter circuit 23 is controlled to be between the amplified error signal and the 
divided signal, having said clock signal fix the timing of control switch SI to ON in the 
steady state. 

20 The switching power supply of said configuration operates almost similarly with an 
embodiment shown in Fig. 42, fixing the oscillation frequency by having the clock 
signal fix the timing of control switch SI to ON in the steady state. The switching power 
supply of said embodiment can also pick up high frequency components only through 
resistors R^ and R2 for voltage detection and filter circuit 24 comprising a series 

25 connection of capacitor Csa^i and resistors Rgawi and Rsaw2- 

Fig. 53 shows a switching power supply relating to the ninth transformation of said 
embodiment. Said switching power supply is configured with the output of the power 
supply circuit connected to the negative input of error amplifier 11 , which amplifies the 
error between detected voltage and reference voltage. The output of error amplifier 

30 11 is connected to the negative input of first comparator 12 and to the positive input of 
second comparator 13 through split resistors Rsand R4. 

In said transformation, resistor Rgfor current detection is connected between output 
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inductor L1 and smoothing capacitor Cout. The input of resistor R5 Is connected to the 
positive input of buffer amplifier 15, and its output is connected to the negative input of 
buffer amplifier 1 5. The output of buffer 1 5 is connected to filter circuit 25 comprising 
a series connection of capacitor Csa^^ and resistor Rsawv The output of filter circuit 25 
5 is connected to the positive input of first comparator 12 and to the negative input of 
second comparator 13. 

The output of first comparator 12 is connected to the input on the reset side of flip 
flop to generate a first comparison signal. The output of second comparator 13 is 
connected to an input of OR circuit 39 to generate a second comparison signal. The 

10 clock signal is sent to another input of OR circuit 39, the output of which is connected 
to the set side of flip flop circuit 1 6 to generate the clock signal in the steady state and 
the second comparison signal when there is a sharp change of the load. The output 
of flip flop circuit 16 is connected to the input of driver 17, the output of which is 
connected to control switch SI and to the control terminal of synchronous switch S2. 

15 In this configuration, the amplitude of the triangular waveform obtained through filter 
circuit 25 is controlled to be between the amplified error signal and the divided signal 
when there is a sharp change of the load, to havei the clock signal fix the timing of 
control switch S1 to ON in the steady state. 

The switching power supply of said configuration operates almost similarly with a 

20 transformation shown in Fig. 49, fixing the oscillation frequency by having the clock 
signal fix the timing of control switch SI to ON in the steady state. 

In the tenth transformation shown in Fig. 54, output inductor LI is corrected to 
current detection circuit 33, the output of which is connected to filter circuit 24 
comprising a series connection of capacitor Csawi resistors Rsawi and Rsaw2- Other 

25 configuration is almost same as a transformation shown in Fig. 52. The switching 
power supply of said configuration shown in Fig. 54 operates almost similarly with a 
swithcing power supply shown in Fig. 52. A 

In the eleventh transformation shown in Fig. 55, output inductor LI is also 
corrected to current detection circuit 33, the output of which is connected to filter circuit 

30 25 comprising a series connection of capacitor C^^^^ and resistors R^awi and Rsaw2- 
Other configuration is almost same as a transformation shown in Fig. 53. The 
switching power supply of said configuration shown in Fig. 55 operates almost similarly 
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with a switching power supply shown in Fig. 53. 

The twelveth transformation shown in Fig. 56 corresponds to an embodiment 
shown in Fig. 42. A transformation shown in Fig. 57 corresponds to a transformation 
shown in Fig. 49. A transformation shown in Fig. 58 corresponds to a transformation 
5 shown in Fig. 50. A transformation shown in Fig. 59 corresponds to a transformation 
shown in Fig. 51. In the switching power supplies of those embodiments, control 
switch S1is connected to current detection circuit, thQ output of which is connected to 
one end of resistor Rsawi. another end of which is connected to output inductor L1 . 

The switching power supply of said configurations shown in Fig. 56 and Fig.59 
10 operate almost similarly with associated switching power supplies shown in Fig.42, Fig. 
49, Fig. 50 and Fig. 51 , but also generates output impedance as current from current 
detection circuit 34 is applied through filter circuits 21 , 22 and 23. 

Industrial Applicability 

15 According to a configuration of the switching power supply relating to the invention, 
the switching power supply is provided with a control means which control the 
triangular waveform obtained through a ilter circuit to be between an input level of a 
first comparator and an input level of a second comparator. Since the triangular 
waveform is generated by on/off operation of an output switch connected short of said 

20 filter circuit comprising resistors and a capacitor, phase difference between operational 
state of said output switch and the amplified error signal is fixed to materialize the 
stability of the switching power supply without lowering the frequency band of the 
amplified error signal. 

Also, by connecting the control switch to the current detection circuit and the 

25 current detection circuit to the filter circuit, normal current and another current flowing 
through the current detection circuit flow through the filter circuit, enabling adjustment 
of the output impedance. 

According to another configuration of the switching power supply relating to the 
invention, the switching power supply can materialize stable ripple characteristics by 

30 integrating a circuit which detects the discontinuity of inductor current and 
automatically changes the amplitude of the triangular waveform. 

According to a different configuration of the switching power supply relating to the 
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invention, the switching power supply materializes stable efficiency and ripple 
characteristics under various I/O conditions by integrating a circuit which autonnatically 
changes the amplitude of the triangular waveform In proportion with I/O voltage 
difference. 

According to a different configuration of the switching power supply relating to the 
invention, the amplitude of the triangular waveform obtained through the filter circuit 
can be controlled to be between the amplified error signal obtained by amplifying the 
error between output voltage and reference voltage when there is a sharp change of 
the load to fix the on/off timing of the control switch in the steady state. This enables 
fixing of the oscillation frequency and easy generation of a signal having a phase lag 
for multi-phasing. 

Also, even when the divided signal is not used, the oscillation frequency can be 
fixed and a signal having a phase lag for multi-phiasing can be generated easily like 
when the divided signal is used. 



